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Purpose: To compare the effect of three different suturing techniques on astigmatism after 
deep anterior lamellar keratoplasty (DALK) in patients with keratoconus.
Methods: In this retrospective study, 54 eyes of 54 patients with advanced keratoconus 
  underwent DALK with three suturing techniques: single running, interrupted running, and com-
bined interrupted and running. Postkeratoplasty astigmatism was evaluated during examinations 
1, 3, and 6 months postoperatively and 2 months after completing suture removal.
Results: Twenty-four eyes had single running sutures, 16 eyes had interrupted sutures, and 
in 14 eyes the suturing technique used was combined interrupted and running sutures. Mean 
age was 25.6 ± 5.9 years, 27.3 ± 6.8 years, and 26.5 ± 5.7 years (P = 0.422), and postopera-
tive astigmatism 1 month after surgery was 3.79 ± 1.19 D, 5.56 ± 1.78 D, and 4.21 ± 1.55 D 
in the three groups, respectively (P = 0.012). However, 2 months after completing the suture 
removal, final postoperative astigmatism was 3.43 ± 1.44 D, 3.87 ± 1.38 D, and 3.71 ± 1.46 D 
(P = 0.846). Final astigmatism less than 4 D was seen in 18 cases (75%) in the single running 
group, nine cases (56.2%) in the interrupted running group, and nine cases (64.2%) in the 
combined   interrupted and running group (P = 0.08).
Conclusion: Postkeratoplasty astigmatism is comparable with three different suturing tech-
niques used in patients with keratoconus after completing suture removal in DALK. Due to earlier 
suture removal in DALK, the type of suturing technique used is not considerably important.
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Introduction
As with penetrating keratoplasty (PK), visual acuity (VA) depends on graft clarity 
and refractive error in deep anterior lamellar keratoplasty (DALK). Despite a clear 
graft, high astigmatism may not achieve the desired level of increase in visual acuity.1 
Causes of postoperative astigmatism are donor button-recipient bed disparity,2,3 trephine 
size,2,4 recipient pathology,1 malposition of donor and recipient tissues,5 decentralized 
trephination,6 suture technique,7–10 and time of suture removal.11–13
There are a variety of suture techniques, such as single running (SR), double   running 
(DR), interrupted running (IR), and combined interrupted and running (CIR). Several 
studies prove that the SR suture technique results in lower astigmatism than the IR or 
CIR suture techniques.7,8,14,15
Published clinical studies conducted thus far have compared the suturing techniques 
in PK. To the best of our knowledge, this study is the first study comparing the suture 
techniques in patients with keratoconus who underwent DALK. In this randomized 
clinical trial we aimed to assess the impact of three different suturing techniques on 
astigmatism in keratoconus patients after DALK.Clinical Ophthalmology 2011:5 submit your manuscript | www.dovepress.com
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Materials and methods
This randomized clinical trial was performed on 54 eyes of 
54 patients with keratoconus who underwent DALK between 
March 2008 and May 2010 at Haydarpasa Numune Education 
and Research Hospital, Istanbul, Turkey. All the protocols of 
our study were concordant with the tenets of the   Declaration of 
Helsinki, and informed consent was obtained from all patients. 
Patients included in this study were contact lens intolerant 
and/or had best contact lens-corrected VA less than 20/80. 
Patients with anterior or posterior segment disorders such as 
glaucoma, lens   dislocation, retinitis   pigmentosa, degenerative 
myopia, corneal   neovascularizations, vernal keratokonjuncti-
vitis, regrafts, and return to PK due to Descemet membrane 
perforation were excluded from the study.
DALK was performed by using Anwar and Teichmann’s16 
big-bubble technique with the same surgeon. The recipient 
cornea was trephined (to a depth of approximately 60%–80%) 
according to recipient corneal size (range 7.0–7.5 mm). The 
donor cornea without Descemet membrane and endothelium 
was trephined from the stromal surface by Hessburg–Barron 
suction trephine (JedMed Instrument Co., St Louis, MO). 
For all patients, 10-0 nylon suture material was applied. The 
donor cornea was initially secured in the recipient bed with 
four cardinal sutures at the 12, 6, 3, and 9 o’clock   positions. In 
the first group of patients, a 16-bite 10-0 nylon SR suture was 
placed. The second group of patients received 16 separate IR 
sutures, and the other eight separate bites were accompanied 
by a row of 16-bite continuous sutures using the CIR suturing 
technique. The four cardinal sutures had been removed before 
the SR sutures were tightened. In the IR and CIR suturing 
techniques, the four cardinal sutures were renewed. At the 
end of the surgery, in order to minimize postoperative astig-
matism, an evaluation of corneal sphericity was perfomed 
using a Maloney handheld keratoscope (Storz, St Louis, 
MO). Subconjunctival 20 mg of gentamicin and 4 mg of 
betamethasone were injected at the end of surgery.
Postoperatively, patients received topical ciprofloxacin 
0.3% and prednisolone acetate 1% four times daily and pre-
servative-free artificial tears every 2 hours in the first month, 
which were subsequently tapered over the next 6 months.
Follow-up examinations were performed at 1, 3, and 
6 months postoperatively. Furthermore, corresponding 
examinations were repeated after 2 months, completing the 
suture removal process. All patients were examined with 
keratometry (Charops, Mirae Optics Co. Ltd., Kyonggi-Do, 
Korea) and a corneal topography system (Magellan   Mapper, 
Nidek Technologies, Padova, Italy). According to the ker-
atometry and topography in eyes with more than 4 D of 
astigmatism, suture adjustment was performed 4 to 8 weeks 
postoperatively in the SR group, and selective sutures were 
removed at least 2 months postoperatively in the steep 
  meridian in the IR and CIR groups.
Data were analyzed with SPSS 16.0 software (SPSS, Inc., 
Chicago, IL). One-way analysis of variance (ANOVA) was 
used for quantitative parameters among three groups. A P value 
of ,0.05 was considered statistically   significant. The X  2 test 
was applied for comparison of qualitative parameters.
Results
Twenty-four eyes were treated with the SR suture technique, 
16 eyes with the IR suture technique, and 14 eyes with 
the CIR suture technique. Mean age was 25.6 ± 5.9 years, 
27.3 ± 6.8 years, and 26.5 ± 5.7 years in the three groups, 
respectively (ANOVA, P = 0.422). Degree of keratoconus 
was similar in all groups (P = 0.438). The mean trephine 
size of the recipient was 7.30 ± 0.28 mm, 7.20 ± 0.22 mm, 
and 7.26 ± 0.24 mm for the SR, IR, and CIR groups, respec-
tively, and these differences were not statistically signifi-
cant (P = 0.638). The mean trephine size of the donor was 
7.72 ± 0.26 mm, 7.64 ± 0.20 mm, and 7.70 ± 0.22 mm for the 
SR, IR, and CIR groups, respectively, and these differences 
were not statistically significant (P = 0.630). The mean donor 
recipient disparity was 0.42 ± 0.12 mm, 0.44 ± 0.08 mm, 
and 0.44 ± 0.11 mm for the SR, IR, and CIR groups, respec-
tively, and these were not significantly different (P = 0.824). 
Preoperative and intraoperative variables in each suturing 
technique group are summarized in Table 1.
One month after the surgery, which was before the suture 
adjustment, postoperative astigmatism was higher in the IR 
suture group than in the other groups (ANOVA, P = 0.012; 
Table 2). There was no difference in astigmatism between 
the groups in the follow-up period after the suture adjust-
ment (Table 2). Sutures were removed on the fixed schedule 
for all groups. There were no complications after suture 
removal. The mean suture removal time was 5.8 ± 0.9 months 
in the SR group, 5.9 ± 0.75 months in the IR group, and 
5.84 ± 0.82 months in the CIR group. There was no   significant 
difference between the three groups (P = 0.896). At the last 
follow-up visit, 2 months after suture removal, the mean 
astigmatism was 3.43 ± 1.44 D in the SR suture group, 
3.87 ± 1.38 D in the IR suture group, and 3.71 ± 1.46 D in 
the CIR group. In the SR suture group, mean astigmatism 
measured by keratometry had decreased more than in the 
other groups, but the difference was not statistically signifi-
cant (ANOVA, P = 0.846; Table 2; Figure 1). Although in 
the SR suture group 18 eyes (75%) had a mean astigmatism Clinical Ophthalmology 2011:5 submit your manuscript | www.dovepress.com
Dovepress 
Dovepress
427
suturing technique on astigmatism after deep anterior lamellar keratoplasty
less than 4 D, nine eyes (56%) in the IR suture group and nine 
eyes (64.2%) in the CIR suture group had an astigmatism less 
than 4 D (X  2, P = 0.08). At the last follow-up visit, the best 
VA was 0.76 ± 0.09, 0.74 ± 0.08, and 0.75 ± 0.1 in the SR, 
IR, and CIR groups, respectively (P = 0.583).
Discussion
This study was conducted to investigate postoperative 
  astigmatism after DALK by using different suturing 
  techniques. In earlier studies, suturing techniques were com-
pared after conducting PK. In reference to the literature, this 
study is the first randomized clinical trial that has compared 
suture techniques after DALK.
Similar to PK, recipient pathology,1 donor button-
  recipient bed disparity,2,3 trephine size,2,4 malposition of 
donor and recipient tissues,5 decentralized trephination,6 
suture technique,7–10 and time of suture removal11–13 are 
  factors that affect postoperative astigmatism in DALK.
Javadi et al17 studied 103 keratoconus patients who had 
undergone PK with the three different suturing techniques 
(IR, SR, and CIR). They reported that the three different 
suturing techniques were comparable after suture removal 
in keratoconus patients. In this study, the diagnosis of all 
patients was keratoconus. No significant difference was found 
in astigmatism between the three suturing techniques.
In a prospective study, Lin et al10 compared two groups: 
SR technique and suture adjustment after surgery, and DR 
technique and no adjustment. They reported that in the SR 
group astigmatism was significantly less in respect of the 
inital state 4 months after the surgery.
Shimazaki et al18 evaluated the role of suture adjustment 
with SR suturing at three different time intervals. They 
found that earlier suture adjustment is more effective on 
final astigmatism.
Spadea et al13 reported that there was no significant change 
of astigmatism after suture removal, whereas Solano et al19 
reported that astigmatism increased 1 month after suture 
removal in the SR group. In this study, there was no differ-
ence of astigmatism after suture removal in all groups.
Van Meter et al8 compared two suturing techniques 
for PK: SR and CIR. They concluded that the SR suture 
  technique may offer less postoperative astigmatism and 
earlier optical stability.
McNeil and Aaen12 reported that postoperative suture 
adjustment of SR suturing significantly decreases   astigmatism 
after suture removal in PK.
Karabatsas et al20 performed a randomized prospective 
study comparing two suturing techniques (SR and IR), and they 
reported no significant difference between SR group with suture 
adjustment and IR group with selective suture removal.
Kim et al1 compared the effects of three different suturing 
techniques (SR, IR, and DR) on post-PK astigmatism. They 
found that in the DR group postkeratoplasty astigmatism was 
the least. In their study, the number of keratoconus patients 
Table 1 Preoperative and intraoperative variables in each suturing technique
Suture techniques
SR IR CIR P valuea
number of eyes 24 16 14
Mean age (year) 25.6 ± 5.9 27.3 ± 6.8 26.5 ± 5.7 0.422
recipient trephine size (mm) 7.30 ± 0.28 7.20 ± 0.22 7.26 ± 0.24 0.638
Donor trephine size (mm) 7.72 ± 0.26 7.64 ± 0.20 7.70 ± 0.22 0.630
Donor-recipient disparity (mm) 0.42 ± 0.12 0.44 ± 0.08 0.44 ± 0.11 0.824
Mean suture removal time (month) 5.8 ± 0.9 5.9 ± 0.75 5.84 ± 0.82 0.896
Degree of keratoconus (topographic keratometry) 61.62 ± 5.09 62.10 ± 6.70 60.48 ± 4.20 0.438
Note: aOne-way analysis of variance; no significiant difference between the three groups.
Abbreviations: Cir, combined interrupted and single running; ir, interrupted running; sr, single running.
Table 2 Postkeratoplasty astigmatism at follow-up intervals
Postoperative follow-up SR IR CIR P value
Astigmatism 1 month after surgery 3.79 ± 1.19 5.56 ± 1.78 4.21 ± 1.55 0.012a,b
Astigmatism 3 months after surgery 3.70 ± 1.35 3.96 ± 1.8 3.80 ± 1.64 0.587a
Astigmatism 6 months after surgery 3.56 ± 1.52 3.82 ± 1.72 3.75 ± 1.56 0.762a
Astigmatism 2 months after suture removal 3.43 ± 1.44 3.87 ± 1.38 3.71 ± 1.46 0.846a
Patients final astigmatism ,4 D 18 (75%) 9 (56.25%) 9 (64.3%) 0.08c
Note: aOne-way analysis of variance; bstatistically significant difference; cX² test.
Abbreviations: Cir, combined interrupted and single running; ir, interrupted running; sr, single running.Clinical Ophthalmology
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was lower in the IR group than in the other two groups. 
In this study we have included only keratoconus patients, 
and there was no significant difference between the three 
groups after DALK.
The most important advantage of DALK over PK is 
earlier suture removal. In PK, sutures are removed at least 
1 year after surgery, whereas, in DALK, suture removal time 
is approximately 6 months after surgery. In this study, DALK 
was performed in keratoconus patients, and the outcomes of 
this randomized clinical trial indicate that the three suturing 
techniques (SR, IR, and CIR) are comparable in terms of 
postoperative astigmatism.
In conclusion, because of the earlier suture removal in 
DALK, the type of suturing technique used does not have 
a critical role for controlling postkeratoplasty astigmatism.
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Figure 1 Changes in astigmatism at 1, 3, and 6 months and 2 months after suture 
removal after deep anterior lamellar keratoplasty in three groups.